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histological, criteria) landmarks. EF analysis (EFA) is a powerful, though under-utilised, biometric tool that is particularly suited to the description of objects lacking homologous landmarks. The method is conceptually more parsimonious than more traditional biometric methods based on discrete linear and angular measurements and, most importantly, it captures a much higher proportion of the morphological information in object than analyses based on discrete measurements.
The objective of this study was to test the hoof sole shape symmetry in the CPC breed by means of an EFA, in order to do a functional contribution to the knowledge of this breed. It must be said that to author's knowledge, no research of the morphology of equine hooves based on EF descriptors report has been previously published.
Material and methods
At a commercial abattoir, 54 distal limbs (26 forelimbs and 28 hindlimbs, including the same number of left and right limbs) were obtained from 15 CPC horses immediately after normal slaughter between October 2009 and June 2010.
The healthy and sound sampled horses were all approximately 1 year old and all were unshod; no hooves had received trimming or other podal interventions and hooves with gross lesions like hoof wall avulsions were not excluded from the study. At the abattoir, the limbs were disarticulated at the level of the carpus/tarsus and they were rinsed with water before measurements were performed.
Extraction of the hoof outline
The outline of each separate hoofprint was obtained by outlining the perimeter of the external hoof wall with a pen on paper.
Subsequently, these drawings were photocopied, including a calibration square, and scanned as BMP files ( Figure 1 ). Left images were rotated in order to obtain the mirrored image of the right one. Images were not magnified for analysis.
EF descriptors
Image capture was carried out using the SHAPE software Twenty harmonics were calculated in order to describe the contour. Each harmonic included x and y coordinates consisting of coefficients (ai, bi) and (ci, di), respectively (ith harmonic), where the coefficients ai and ci were the cosine coefficients, bi and di were the sine ones. The first harmonic was deleted for subsequent statistical analysis as they were used to normalize samples for position, size, and rotation.
Shape analysis
A non-parametric two-way NPMANOVA test Results Table 1 reports the results of the comparisons between fore and hindlimbs, and right and left limbs. There appeared only differences between fore and hindlimbs shapes. The Wilcoxon test revealed no differences between right and left median pairs (W<<<0.0001, p=0.655).
In figure 2, a step by step reconstruction of the hoof outline for the first three PC, for fore and himblimbs appears.
This picture indicates that the contour variation is mostly
Harmonic analysis of equine hoof form and its matched symmetry http://www.labome.org/research/Harmonic-analysis-of-equine-hoof-fo... Step by step reconstruction of the hoof outline for the first three PC, for fore and hindlimbs (top and bottom, respectively). Mean contour appears in the middle column. This picture indicates that the contour variation is mostly explained by the first principal component. PC1 (28.92% of the total observed variance) was a good measure of the general appearance of the hoof. Differences between fore-and hindlimbs were related to the heel bulbs and toe. Now it will be interesting to evaluate the degree of asymmetry in other hoof conformational traits such as toe and heel angle in this breed, which were not analysed in this research.
Conclusion
In conclusion, this study is the first to describe hoof sole outline and symmetry in unshod, young CPC horses, reared under semi-extensive conditions. This breed presents homogenous hoof outlines and a high level of symmetry in hoof sole outline. A limitation of this study is that only young horses aged approximately 1 year were included. Hoof morphology may change with increasing age, and no conclusions can be obtained from our data for the early or very late stages of horse development. However, it has been shown that asymmetry in hoof conformation can already be detected in foals (Van Heel et al. 2003) . Evidently, objective of this research could have very much power if analysis were done in limbs submitted to charge. Horses naturally load their limbs, specially if the animal is moving. This can be taken as suggestion for the future, because to compare the form of the hooves before and after load should be extremely interesting.
Given the homogeneous results in the sample, we believe that the reported results have adequate power. Although extrapolation of these results to older horses should be performed judiciously, our results open the way to perform further research on horses over a wide range of breeds and ages.
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